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In this paper the effect of the chemical pressure induced by the Sr replacement for Ca in the 
La1.4Sr1.6Mn2O7 lattice is directly probed by means of neutron diffraction as a function of 
temperature. The results show a progressive change of the magnetic coupling from 
ferromagnetic to antiferromagnetic by increasing the Ca content,. indicating that the orbital 
order of the Mn ions is affected in the same way by the application of an external pressure and 
by the chemical pressure.  
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Colossal magnetoresistive materials still represent a very active subject for the basic 
and applied research in the field of solid state physics1,2. Besides the hole doped AMnO3 
perovskites compounds, where A=Rare Earth, strong interest has been more recently triggered 
off by the bilayered manganites which represent the n=2 members of the Ruddlesden-Popper 
series An+1MnnO3n+13-5. This structure corresponds to the staggering of 2 perovskites layers 
intercalated by a rock-salt block. The reduced dimensionality of the this system with respect 
to the 3D perovskite manganites is a interesting playground to study the effects of charge 
carrier confinement on the electronic and magnetic properties.  
In the n=2 member La2-2xSr1+2xMn2O7 an extremely rich variety of magnetic phases 
has been found as a function of Sr-doping (x). One of the most interesting regions extends 
from x=0.3 to x=0.4 where a ferromagnetic and metallic (FMM) behaviour has been observed. 
For the x=0.30 member of the solid solution, i.e. La1.4Sr1.6Mn2O7, Kimura et al. showed the 
presence of a ferromagnetic order within the constituent bilayers which sets up around 100 K 
and a FM order between adjacent bilayers which progressively develops by lowering the 
temperature6. As the Sr-doping increases, the magnetic coupling within the bilayers changes 
from FM to AFM at about x∼0.50 as a consequence of the change in the spin-direction within 
the a-b plane. 
The role of cation substitution on the magnetic properties in these systems has been 
less extensively studied with respect to the perovskites oxides. Few works dealt with the Ca-
doped series, for which, however, the only available magnetic results have been determined 
by means of susceptibility measurements7 on the La1.4Sr1.6Mn2O7 and La1.2Sr1.8Mn2O7 
compositions8. The observed trend in the Curie temperatures (TC) revealed a progressive 
reduction along with the Ca-doping. However, no further insight into the magnetic structure 
evolution with the Ca-doping was presented. 
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The effect of Ca-doping on the magnetic structure of the bilayered manganites appears 
to be an interesting aspect that needs still to be clarified. In particular, the chemical pressure 
effect induced by the replacement of Sr with the isovalent Ca can reveal important 
information about the stability of the magnetic ground state in these systems and the 
comparison between these data and the variations induced by an hydrostatic external pressure9 
may shed light on the relative importance of these two effects.  
In order to understand the role of the Ca-doping on the magnetic properties of 
bilayered manganites we carried out a neutron diffraction study of the optimally doped 
La1.4Sr1.6Mn2O7 composition where the Sr was progressively replaced by Ca up to 50% which 
is the cation solubility threshold for this Sr-doping (x=0.3)10. The study was completed by 
magnetic susceptibility measurements on the same samples. 
La1.4(Sr1.6-yCay)Mn2O7 samples with y = 0, 0.1, 0.2, 0.4, 0.6 and 0.8 were synthesized 
by solid state reaction starting from proper amounts of La2O3, Mn2O3, SrCO3 and CaCO3 
(Aldrich >99.99%). Pellets were prepared from the thoroughly mixed powders and allowed to 
react first at 1273 K for 72 hours and after at 1573 K for other 72 hours. Phase purity was 
checked by means of X-ray diffraction (Bruker D8 Advance). All the samples patterns can be 
perfectly indexed according to a tetragonal unit cell belonging to the I4/mmm space group 
(no. 139). Cell volume variation is linear with the Ca-content thus suggesting the formation a 
homogeneous solid-solution. As usually found in the bilayered manganites, small traces of a 
perovskite impurity phase have been detected (below 5%, as estimated by the Rietveld 
refinement). This impurity phase was included in the Rietveld refinement. X-ray absorption 
spectroscopy at the Mn-edge confirmed the same Mn-valence for all the sample studied.  
 Figure 1 shows the field-cooling (FC) magnetic susceptibility measurements at 100 G 
for the samples considered in the present work. All the samples display a transition from a 
paramagnetic to a ferromagnetic state (PF transition). By increasing the Ca concentration the 
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Curie temperature (TC) and the value of the molar susceptibility (χmol) are progressively 
reduced. The TC values – taken at the inflection point of the χ vs. T curves –  are reported in 
Table 1. 
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Figure 1: Field cooling measurements at 100 G for the La1.4(Sr1.6-yxCay)Mn2O7 samples (y=0, 0.1, 0.2, 
0.4, 0.6 and 0.8). 
 
In addition, along with the Ca-substitution also the broadness of the magnetic 
transition increases, thus suggesting a progressive weakening of the ferromagnetic 
interactions between neighbouring Mn ions. However, the bulk magnetization measurements 
does not reveal the detail about the magnetic structure of the samples since it provides an 
information related to the overall magnetic response of the material. For this reason we 
further investigated this issue by means of neutron diffraction. 
 Figure 2 reports the neutron diffraction patterns for the La1.4(Sr,Ca)1.6Mn2O7 solid 
solution  at 10 K, in the angular range where magnetic reflections appear. At this temperature 
the magnetic peaks (indicated by the arrows) are most intense for all the compositions.  
 4
 Figure 2: Neutron diffraction patterns for the La1.4(Sr1.6-yCay)Mn2O7 samples (y=0, 0.1, 0.2, 0.4, 0.6 and 
0.8) at the lowest investigated temperature, 10 K. Arrows mark some of the most intense magnetic reflections. 
 
Through the refinement of the patterns as a function of temperature we observed that 
the magnetic structure of the Ca-undoped (y=0) compound can be very satisfactorily 
described by considering a magnetic cell where all the Mn spins are aligned parallel within 
each single bilayer and in all the successive bilayers. This leads to a FM coupling both in the 
single bilayers and between the bilayers. The spin direction has components both in the a–b 
plane and along the c-axis, forming an angle (θ) of about 57°. This is consistent with the 
available literature data reporting the magnetic structure of Sr-doped bilayered manganites4. 
The Mn magnetic moment (in Bohr magnetons units) is reported in Figure 3. FM peaks start 
becoming evident at about 108 K (defined as T*) and the value of the total Mn magnetic 
moment for the La1.4Sr1.6Mn2O7 sample at 10 K is 3.4(1) µB, in good agreement with the 
calculated value of 3.70 µB. We did not observe any appreciable variation of the canting angle 
θ with the temperature variation.  
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Figure 3: Refined magnetic moments for the La1.4(Sr1.6-yCay)Mn2O7 samples (y=0, 0.1, 0.2, 0.4, 0.6 and 0.8) as a 
function of temperature. 
 
 
By increasing the Ca-doping, thus at fixed hole doping, the magnetic structure found 
in the Ca-undoped sample is preserved until y=0.4. The relevant variations along with the 
cation replacement are the progressive reduction of the Mn magnetic moments (see Figure 3) 
and a reduction of θ which pass from 57° for y=0 to 46° for y=0.4. The values of the magnetic 
moments at 10 K and the temperatures at which the first magnetic peaks are observed (T*) are 
reported in Table 1. 
By further increasing the Ca-doping to y=0.6 the neutron diffraction patterns, in all the 
T-range explored, do not reveal the presence of any magnetic reflection nor the intensity 
increase of any nuclear peaks even though this sample, as the other ones, displays a PF 
transition at about 37 K. A peculiar feature of the neutron diffractograms is the growth of a 
wide low-angle background below 10 ° which reaches its maximum in this sample. This can 
be related to the development of short-range magnetic interactions. 
Finally, the further increase in the Ca concentration (y=0.8) leads to the appearance of 
magnetic reflections at about 75 K which are fully developed at 10 K, as can be appreciated 
by inspecting Figure 2. The magnetic peaks in this sample, however, are not compatible with 
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a FM ordering. In contrast, the best agreement in the pattern refinement is achieved by 
considering an AFM ordering of A-type where each layer of the bilayer is FM ordered but the 
coupling between layers within the bilayer is AFM. Also in this case a component of the 
magnetic moment aligned along the c-axis is present. The refined total magnetic moment is 
listed in Table 1.  
The overall data presented so far have shown clearly that the main effect of the Ca-
substitution on the bulk properties of the La1.4(Sr1.6-yCay)Mn2O7 solid solution (y=0, 0.1, 0.2, 
0.4, 0.6 and 0.8) is a progressive reduction of the Curie temperature and of the molar 
susceptibility as y increases. However, by looking at the magnetic structure along the solid 
solution it is found that the Ca-substitution progressively weakens the FM long range 
magnetic order found at y=0 leading to its disappearance at about y=0.6 and finally to the 
development of an AFM structure at y=0.8. This behavior closely resembles the one found in 
the evolution of the magnetic structure in the La2-2xSr2+2xMn2O7 solid solution as a function of 
the Sr-doping: when changing the Sr concentration from x~0.32 to x~0.50 the magnetic 
coupling within the bilayer progressively changes from FM to AFM4,6. This behavior was 
linked to the progressive shift of electronic density from the 3z2-r2 to the x2-y2 eg orbitals as 
the x-value increases.  
A change of the magnetic coupling from FM to AFM has been reported in the 
previous literature for the La1.4Sr1.6Mn2O7 compound as a consequence of the application of 
an external pressure9. The Authors performed magnetization and neutron diffraction 
measurements as a function of the applied external pressure and concluded that the applied 
pressure induces the electron transfer from the out-of-plane to the in-plane orbital in Mn, thus 
enhancing the AFM order. This was also confirmed by a computational study which showed 
that the externally applied pressure controls the dimensionality of the orbital states and that a 
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compression of the apical Mn-O bonds brings the bilayers closer to each other and stabilizes 
the in-plane orbital11.  
The results presented in this work strongly indicates that the chemical pressure effect 
caused by the Ca-doping mimics the influence of the hydrostatic pressure. The trend vs. y of 
the normalized lattice parameters (Figure 4) clearly shows that the bilayered structure 
compresses strongly along the c-direction while slightly expands in the a-b plane which 
agrees with a progressive electron transfer from 3d3z2-r2 to 3dx2-y2.  
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Figure 4: Trend of the normalized lattice parameters for the La1.4(Sr1.6-yCay)Mn2O7 series as a function of  the 
Ca-content, y. 
 
In addition, we showed that the transition induced by the chemical pressure is a 
smooth one from a FM to a possible spin-glass state (around y=0.6) to a final AFM state. Let 
us remember that in the present case the Ca-doping does not induce any change in the hole 
doping in the material and, as a consequence, the effects reported are purely due to the 
structural changes caused by the cation substitution. Our data allows to conclude that, 
irrespective to the source of the compression of the bilayer, i.e. external or chemical pressure, 
the electronic structure rearranges in similar way thus stabilizing an in-plane occupancy of the 
Mn orbital which in turn leads to the stabilization of the AFM order. We remark that this 
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paper provides the first direct evidence of the role of chemical pressure on the magnetic 
structure of La1.4Sr1.6Mn2O7 that until now had been only assessed by means of bulk 
magnetization measurements.  
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Tables 
 
Ca content (y) TC (K) T* (K) Total Magnetic  
Moment (µB) at 10K 
0 102 108 3.4(1) 
0.1 82 82 3.2(1) 
0.2 67 68 2.8(1) 
0.4 52 51 1.6(1) 
0.6 37 - - 
0.8 37 75 1.0(1) 
 
Table 1: Curie temperatures (TC), critical temperatures at which the first magnetic peaks are observed (T*) and 
total magnetic moments at 10 K for the different Ca-doping. 
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